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Kwethluk River, Yukon Delta National Wildlife Refuge, Alaska, 1992

KEN C. HARPER

U S Fish and Wildlife Service, Kenai Fishery Resource Office
P.O. Box 1670, Kenai, Alaska 99611, (907) 262-9863

Abstract.—A resistance board weir was used to collect detailed run timing, abundance, and
biological data from salmon on the Kwethluk River between June 20 and September 12, 1992. A
seasonal total of 30,596 chum Oncorhynchus keta, 9,675 chinook O tshawytscha, 1,316 sockeye
O nerka, 45,952 pink O gorbuscha, and 45,605 coho O. kisutch salmon were counted through the
weir. Peak weekly passage occurred July 5-11 for chinook, July 12-18 for chum, July 26-August
1 for sockeye, August 9-15 for pink, and August 23-29 for coho

Sex composition in the chum salmon escapement shifted from predominately males to females
as the run progressed and females composed 57% of the run. The proportion of females varied by
week for chinook, coho and sockeye salmon Females represented 24 8% of the chinook, 43.5%
of the coho, and 53 5% of the sockeye salmon escapement.

Dominant age groups for salmon were 0 3 for chum, 1.4 and 1.2 for female and male chinook,
1 3 for sockeye, and 2 1 for coho salmon Gill net marks were detected on 10% of the chinook, 5%
of the chum, <1% of the pink, 6% of the sockeye and 3% of the coho salmon, passing through the
weir

A total of 8,208 chum, 1,169 chinook, 122 sockeye, 14,674 pink, and 42 coho salmon carcasses
or spawned out salmon were passed downstieam over the weir Stream-life for salmon above the
weir was estimated as follows' chum 10 days, chinook 27 days, sockeye 38 days, and pink 10 days.

Other species counted through the weir were 1,976 Dolly Varden Salvelinus malma, 1,652
whitefish Coregonus spp , 344 Arctic grayling Thymallus arcticus, nine northern pike Esox lucius,
and 15 rainbow trout O mykiss Whitefish moved primarily in September while other resident
species moved primarily in July. Only larger sized resident species (>340 mm) are represented due
to the effect of picket spacing

Water flows were measured during the season at 10 and 81 m*/s. The weir was submerged in
September when flows were estimated to be above 81 m’/S.

Introduction

The Kwethluk River, a lower Kuskokwim
River tributary located on the Yukon Delta
National Wildlife Refuge (Refuge) provides
important spawning and rearing habitat for
chum Oncorhynchus keta, chinook O.
tshawytscha, pink O. gorbuscha, sockeye O.
nerka, and coho salmon O. kisutch (Figure
(At 1977; U.S. Fish and Wildlife Service
1992). Adult salmon returning to the Kwethluk

River migrate 159 river kilometers (rkms)
through the lower Kuskokwim River before
reaching the Kwethluk River and then migrate
upstream as many as 160 rkms to reach
spawning grounds. In the lower Kuskokwim
River, salmon pass through and are harvested in
a commercial fishing district and one of
Alaska’s most intense subsistence fisheries
(Francisco et al. 1995; U.S. Fish and Wildlife
Service 1988).
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Figure 1.-Lower Kuskokwim River tributaries on the Yukon Delta National Wildlife

Refuge, Alaska, 1992.

Subsistence fishing also occurs in the
Kwethluk River main stem. Spawning
populations of salmon in the Kwethluk and
other rivers provide food for brown bears Ursus
arctos and other carnivores, raptors, and
scavengers In addition, resident fish and
salmon fry rely heavily on the nutrient base
provided by salmon carcasses (U S Fish and
Wildlife Service 1992)

The Alaska National Interest Lands
Conservation Act (ANILCA) mandates that,
within the Refuge, salmon populations and their
habitats be conserved in their natural diversity
ANILCA mandates may not be met, because
reliable escapement data on lower Kuskokwim
River tributary fish stocks are missing The
Alaska Department of Fish and Game’s
(Department) management objective for chum,
chinook, sockeye, and coho salmon in the
Kuskokwim River is “to achieve desired

escapement objectives and allow for the orderly
harvest of fish surplus to spawning
requirements” (Francisco et al. 1995)

Escapement goals have not been established for
sockeye and pink salmon which are not actively
managed in the Kuskokwim River Commercial
and subsistence catches of these species are
considered incidental by the Department.

Spawning escapement declines of Kuskokwim
River chinook salmon during the early 1980's
prompted the Department to change from a
harvest-guideline-based salmon management
strategy to an escapement-objective-based
strategy in 1983 Chinook salmon spawning
escapements continued to decline and
commercial fishery restrictions were initiated in
1985 These restrictions eliminated the directed
commercial harvest for chinook salmon and
imposed a maximum stretch mesh size of <
15 2 cm for gill nets. Prior to the restrictions,



gill nets were unrestricted in mesh size, and
larger mesh sizes including those larger than
20 3 cm were selective toward female chinook
salmon Commercial harvests prior to the mesh
size restrictions averaged 42 8% female chinook
salmon, while post restriction harvests averaged
29 0% female chinook salmon (Francisco et al.
1995) As a result of this management action,
the percentage of gill net marked females has
increased at the Department’s escapement
monitoring project on the Kogrukluk River.
The increase in gill net marks indicated females
were escaping from nets and reaching the
spawning grounds (Francisco et al 1995). Gill
net marks also serve as an indicator of fishing
intensity on the monitored stocks.

The Department presently determines
commercial openings by evaluating salmon
abundance indexes and monitoring selected
escapements Abundance indexes include drift
gill net test fisheries and the use of commercial
fishery catch statistics These test fisheries are
located in the lower and middle stretches of the
Kuskokwim River. Escapement monitoring
occurs at two fish-counting sonars and a weir
(Francisco et al. 1995) One sonar is located in
the lower Kuskokwim main stem near Bethel,
and the other is in the Aniak River, a major
tributary to the middle Kuskokwim River The
weir is located in the Kogrukluk River, a major
tributary to the upper Kuskokwim River.

Using an  escapement-objective-based
management strategy is complicated by the
presence of mixed stocks in the lower
Kuskokwim River. Department managers try to
avoid over-harvesting species and stocks
returning to each of 11 major and numerous
minor tributaries to the Kuskokwim River by
distributing catch over time and area.
Distribution of the catch over time is important,
because each stock may have characteristic
migratory timing (Mundy 1982) However,
stocks or species returning in low numbers, or
during the early or late portion of the runs, may
be incidentally over-harvested during extended
harvesting of abundant stocks Protection of

smaller stocks, such as those returning to the
Kwethluk River, requires run timing and
escapement information

Aerial surveys have been used to monitor
escapements to the Eek, Kwethluk, Kisaralik,
Kasigluk, and Tuluksak Rivers, all lower
Kuskokwim River tributaries on the Refuge.
These surveys sporadically carried out between
1960 and 1994 generally occur when salmon
abundance peaks on the spawning grounds
(Schneiderhan 1983, 1988; Francisco et al
1995) Recognizing a need for a higher level of
monitoring for lower Kuskokwim River
tributaries, the Department operated a fish-
counting sonar in the Kwethluk River during
1978 (Schneiderhan 1979) The sonar project
was operated only one year due to inaccurate
counts caused by organic debris in the water.

Aerial index estimates have been used to
estimate relative abundances of salmon in the
Kwethluk River since 1960. An aerial index
objective of 7,000 chum salmon and 1,200
chinook salmon has been established using
historical data (Francisco et al. 1995).
Kwethluk River aerial index surveys conducted
between 1960 and the present, have ranged from
less than 1,000 to more than 19,600 chum
salmon and from less than 100 to more than
2,000 chinook salmon (Appendix 1) Only two
aerial index surveys for coho salmon were
flown between 1960 and 1992

Aerial index estimates are infrequently used
for current-year management because they are.
(1) conducted when most salmon are on the
spawning grounds, and after most of the
commercial fishery occurs, (2) highly variable
due to run timing inconsistencies, water and
climatic conditions, and surveyor experience;
(3) generally underestimate actual abundance,
and (4) limited to an ‘index area’ which may
represent only a fraction of the total spawning
area Additionally, aerial index surveys do not
provide age, sex, and size composition data used
to detect escapement quality and brood year
production



Salmon escapement monitoring projects in
lower Kuskokwim River tributaries on the
Refuge are ranked as priorities in the Refuge
Fishery Management and Ecosystem Action
plans by the US Fish and Wildlife Service
(Service) and the Department (U.S. Fish and
Wildlife Service 1992) In 1991, a multiple
year study was initiated by the Service to. (1)
estimate daily salmon escapements in the
Kwethluk River, (2) quantify the salmon age,
sex and length composition; (3) estimate
migration time from the test or commercial
fishery to the weir; (4) monitor gill-net marks
on salmon; (5) estimate optimal timing to
gather aerial index survey data; and, (6) count
other species passing through the weir.

High waters prevented the installation of the
weir in 1991. Due to concerns raised by
residents of Kwethluk over the effects of the

weir, it was operated only during 1992 and was
moved to a high priority project on the
Andreafsky River, a lower Yukon River
tributary in 1994

Study Area

The Kwethluk River is in the lower
Kuskokwim River drainage (Figures 1 & 2).
The region has a subarctic climate
characterized by extreme temperatures.
Temperatures range from summer highs near
15°C to average winter lows near -12°C (Alt
1977). Average yearly precipitation is
approximately 50 cm with the majority falling
between June and October. The rivers generally
become ice free in the slow-moving sections by
early May and freeze-up occurs in late
November.
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Figure 2.-Location of Kwethluk River weir, 1992.



The Kwethluk River originates in the Eek and
Crooked mountains, flows northwest
approximately 222 km, and drains an area of
about 3,367 km®. Braiding and gravel substrates
are found in the middle section of the river
where the weir was placed Below the middle
section, the lower 47 km consists of a deeper,
muddy-bottomed channel averaging 53 m in
width (Alt 1977). Turbid water conditions also
characterize this lower river section during the
summer, the result of active stream cutting on
tundra banks

Methods
Weir Operation

A resistance board weir (Tobin 1994) with
picket spacing of 3.5 cm spanning a 51-meter
section of river was installed at rkm 80 (N 60°,
29', 160° 05" W). The weir was installed in an
area with active braiding, and riparian
vegetation that consisted of willow and alders.
River substrate consisted of coarse gravel
intermixed with sand and other fines
Installation occurred in May 1992 before the
high flows in late May and June. The weir was
operational from June 20 to September 12,
1992 A staff gauge was installed on the shore
side of the bulkhead and daily water levels were
recorded at 0800 h each day Stream discharge
was estimated using the method described by
Hamilton and Bergersen (1984) with a Marsh-
McBirney (Model 201-D) flow meter and top-
setting wading rod. Water temperatures were
recorded daily during the middle of the day

All fish were identified to species, counted,
and noted for gill-net marks as they passed
through the weir The trap was usually opened
at 0700 h and closed at 1200 h or earlier
depending on hours of daylight Cleaning and
checking the weir for holes was performed daily
before 0900 h Snorkeling was used to check
weir integrity and substrate conditions
Cleaning consisted of walking across each panel
to submerge it partially and letting the current
wash the debris downstream. Algal growths

were removed by scrubbing with long-handled
brooms Spent salmon and carcasses
(carcasses) washing up on the weir were
identified to species, counted and passed
downstream at four hour intervals during
routine cleaning operations

Biological Data

Sample weeks started Sunday and ended the
following Saturday. A weekly quota of 160
chum, 140 chinook and 110 coho salmon were
sampled at the beginning of each week
Samples were collected in as short a period (1-3
d) as possible to approximate a pulse or
snapshot sample (Geiger et al 1990) All fish
within the trap were sampled to prevent bias A
quota of 40 pink salmon was set for the season.
Once weekly quotas were obtained, the trap was
opened and fish were passed until the next
sampling period.

Fish sampling consisted of measuring lengths,
weights, and determining sex, collecting scales,
and then releasing the fish upstream of the weir
Each fish was also examined for gill net marks
Length was measured to the nearest 5 mm from
mid-eye to fork-of-caudal-fin for salmon, and
nearest 1| mm fork length for other species
Weights were collected to the nearest 100 g.
Sex was determined by observing external
characteristics. Scales were removed from the
preferred area for age determination (Koo 1962,
Mosher 1968) One scale was taken from each
chum, sockeye, and pink salmon, and four
scales were taken from each chinook and coho
salmon A scale smear was collected from
sampled rainbow trout and several scales were
collected from whitefish and Arctic grayling.
Scale impressions were made on cellulose
acetate cards using a heated scale press and
examined with a microfiche reader Salmon
ages were then interpreted by a Department
biologist and verified through comparison to
commercial catch samples Ages for salmon
were reported according to the European
Method (Koo 1962) where numerals preceding
the decimal denote freshwater annuli, and



numerals following the decimal refer to marine
annuli. Total years of life at maturity is
determined by adding one year to the sum of the
two digits on either side of the decimal of the
European designation. Therefore, age 1.4 and
2.3 fish are both 6-year-old fish from the same
brood year (1 4=1+4+1=6 and 2.3=2+3+1=6).
This number is then subtracted from the year of
capture to determine brood year.

A stratified random sampling design (Cochran
1997) was used to estimate age and sex specific
escapements Age and sex specific escapements
in a stratum, A,;, and their variances, V[A,;],
were estimated as:

Ahij A ﬁhij M)
and
N\ ny || Bri(1-Dy)
VA =N, 12| 12 (2)
N, n,-1
where.
N, = total escapement of a given species

during stratum #4;

ﬁmj = estimated proportion of age i and
sex j fish, of a given species, in the
sample in stratum /4, and,

n, = total number of fish, of a given
species, in the sample for stratum 4.

Weekly samples were pooled into a single
stratum when sample sizes were low. Estimates
of escapement, and their variances, were
summed across strata to obtain estimates for
the season.

Because length, L, and weight-at-age changed
during the season, and numbers of fish passing
the weir varied by sampling stratum, weighted
means were calculated for the season. Weighted
mean lengths (and weights) by stratum, age, and
sex were calculated as

I - hij  “hij , 3)

where L_hij = mean length of age i and sex j
fish during week h.

Chi-square contingency table analysis was
used to test for differences in age composition
between the sexes. Because the standard test
only applies to data collected under simple
random sampling, adjustments were made to the
test statistic following Rao and Thomas (1989)
to account for the effect of a stratified sampling

. 2 ..
design on results. The X statistic, hereafter

referred to as XZ(S-) , was divided by the mean
generalized design effect, 0., as a first-order
correction to the standard test (Rao and Thomas
1989). Estimated design effects for the cells
and marginals are presented in the results.

Stream-life

The time each salmon species remains alive
above the weir before washing downstream
(stream-life) was estimated. Stream-life is
important in determining the optimal timing for
aerial surveys and was assumed to be the
difference between the median cumulative
passage dates of upstream migration and the
median downstream passage of carcasses.

Results
Weir Operation

The weir was operational starting at 1700
hours on June 20, 1992. Prior to this time fish
could pass the weir or trap and not be
enumerated. A section of stream bed under the
weir washed out during high water in early June
and was repaired when waters receded. The
trap and chute were in deep water (>70 cm)
throughout the operation.



The weir passed large amounts of debris
during May including pieces of tundra
measuring 1 X 3 m and large pieces of ice
measuring 45 m* (Tobin 1994) In September
when relative water levels reached 1 m, and the
water flow exceeded 81 m’/s, six panels were
pushed down to the waters surface. This
occurred when downward pressure on the weir
panels caused by excessive head upstream of
the weir overpowered the lift created by the
resistance boards When water levels reached
1 1 m, excessive head upstream submerged 12-
14 panels, 5-15 cm below the surface.

Water turbidity was affected by an exposed
permafrost bank that melted and dripped glacial
till into the river above the weir Because water
clarity was marginal down to the Kuskokwim
River confluence, no chum or chinook salmon
were observed spawning in the river below the
weir

Water temperatures exceeded 10° C between
July 2 and August 25, 1992 (Appendix 2).
Discharge was measured on May 12 at 10 m’/s
and again June 12 at 81 02 m*/s

Biological Data

A total 0of 30,596 chum, 9,675 chinook, 1,316
sockeye, 45,952 pink, and 45,605 coho salmon
passed through the weir between June 20 and
September 12, 1992 (Figure 3, Appendix 3)
Salmon carcasses passing downstream over the
weir consisted of 8,208 chum, 1,169 chinook,
122 sockeye, 14,674 pink and 42 coho salmon
(Appendix 5). Other species counted through
the weir included 1,976 Dolly Varden
Salvelinus malma, 1,652 whitefish Coregonus
pidschian and Prosopium cylindracium, 9
northern pike Esox [ucius, 15 rainbow trout O
mykiss, and 344 Arctic grayling Thymallus
arcticus (Figure 4, Appendix 3) Fork lengths

of sampled resident fish were generally greater
than 340 mm (Appendix 6)

Chum salmon —Chum salmon was the first
salmon species counted and passed through the
weir on June 21  Peak passage (NV=5,821)
occurred the week of July 12-18 (Figure 3;
Appendix 7) The median cumulative passage
date at the weir was July 18 (Appendix 4)

Four age classes were identified from 1,267
scale samples and weights were collected from
1,219 chum salmon passing the weir Ages
identified were 0 2, 0 3, 0.4 and 0 5, and present
in both males and females (Table 1). Females
composed an estimated 574% of the
escapement (Appendix 7) Sex composition
shifted from predominately males before the
week of July 5-11 to predominately females
after that (Figure 5) The escapement was
composed primarily of age 0.3 (61 1%) and age
0.4 (34.6%) fish. Age 0.4 chum salmon were
most abundant until the week of July 12-18,
when the escapement age composition shifted
primarily to age 0 3 fish. Females and males in
age class 03 composed 37% and 24%,
respectively, of the weir escapement. Females
and males in age class 0.4 each composed 17%
of the escapement past the weir (Appendix 7).
Age composition differed between sexes

(X2%(3)=809, df =3, P <0.004).

Chum salmon males in the escapement
averaged (weighted mean) 561 mm and 3,366 g
and females averaged 519 mm and 2,406 g.
Female mean length at age (weighted ) was
smatller than males (Table 1).

Gill-net marks were observed on 5%
(N=1,458) of the chum salmon passing the weir
(Appendix 3) Carcasses were first observed on
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June 26, six days after the first chum salmon
passed the weir and a total of 8,208 were passed
downstream (Appendix 5). The median
cumulative day for carcass passage was July 28,
33 days after the first carcass was observed A
stream-life of 10 days above the weir was
estimated from the median upstream migration
day and median downstream passage of
carcasses (Figure 6).

Chinook salmon —Chinook salmon was the
second species passed through the weir They
were first observed starting June 22, and a total
of 9,675 passed during the season  Peak

. |I|l|l|l-ll
30 19 24 29

August September

passage (V=3,251) occurred the week of July 5 -
11 (Figure 3) The median cumulative passage
day at the weir was July 9, 18 days after the first
fish passed (Appendix 4)

A total of 757 chinook salmon were aged and
755 were weighed Age 12 was the most
prevalent of the eight ages identified in males
and age 14 was the most prevalent of the six
ages identified in females (Table 2). Females
composed only 24.8% of the weir escapement,
but fluctuated from 38 1% the first week to
21 5% during the peak passage week (Figure 5,
Appendix 8).
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TABLE 1 —Length and weight at age for chum salmon sampled at the Kwethluk River weir, 1992

Length (mm) Weight (g)
Weighted Weighted
Age N Mean Range Mean Range
Female
02 22 496 465 - 540 2,160 1,500 - 3,000
03 457 513 380 - 590 2,279 1,200 - 3,800
04 205 533 435 - 625 2,658 1,500 - 4,400
05 10 543 515 - 605 3,055 2,400 - 3,200
Total 694
Male
02 2 535 2,539
0.3 282 551 460 - 655 3,162 1,500 - 5,200
0.4 225 574 440 - 650 3,678 1,500 - 5,600
05 16 573 530 - 635 3,193 2,400 - 4,900
Total 525

The estimated number of females, based
upon the weekly weighted passage, was
2,400. Females were primarily age classes
1.4 (20.9 %) and males were primarily age
classes 1.2 (36 2%) and 1 3 (22 5%) of the
total weir escapement (Appendix 8). Males
predominated in all age classes except 1 4
(Appendix 9) Age composition differed
between sexes (X %(3.) =51 03, df =4, P <
0001) Chinook salmon males in the
escapement averaged (weighted mean) 589
mm and 3,976 g and females averaged 851
mm and 11,327 g (Table 2) Female
average lengths were longer than males in
age classes 1 2 and 24 Female average
weights were heavier than males in age
classes 12,1 3,1 4 and 2.4.

Gill-net marks were observed throughout
the season on 10% (N=970) of the chinook
salmon passing the weir (Appendix 3)
Carcasses were first observed starting on
July 7, 14 days after the first chinook
salmon passed upstream (Appendix 5) The
median day for cumulative carcass passage

(N=1,169) was August 5, 29 days after the
first carcass (Figure 6, Appendices 4 & 5).
A stream-life of 27 days above the weir was
estimated from the median upstream
migration day and median downstream
passage of carcasses (Figure 6, Appendices
4&5)

Pink salmon—Pink salmon passed the
weir starting on June 25, continued until
September 12 and totaled 45,952 (Figure 3)
Peak passage (V=20,655) occurred the week
of August 9 -15. The median day of
upstream passage occurred on August 12
(Appendix 4)

Scales from 41 pink salmon were aged
All fish were age 0 1(Table 3) Females
(N=20) averaged 419 mm and 1,185 g and
males (V=21) averaged 418 mm and 1,338 g
Lengths were similar between sexes (two-
tailed ¢ test; =0 015, df=36, P=0 988)
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TABLE 2.—Length and weight at age for chinook salmon sampled at the Kwethluk River weir,

1992

Length (mm) Weight (g)

Weighted Weighted
Age N Mean Range Mean Range

Female
12 18 559 455 - 920 3,851 1,800 - 13,100
13 20 752 585 - 890 7,827 2,700 - 13,000
14 154 874 775 - 975 11,998 7,200 - 17,000
15 8 901 820 - 940 12,578 10,400 - 14,600
24 1 850 - 9,700 -
Total 200
Male

1.1 76 374 <146 - 415 509 200 - 3,500
1.2 247 518 365 - 670 2,724 800 - 6,000
1.3 155 782 380 - 870 5,720 1,000 - 11,900
14 66 823 550 -1,050 10,431 3,100 - 21,100
15 1 920 - 14,900 -
22 6 530 465 - 575 2,621 1,600 - 3,300
2.3 2 603 400 - 690 3,940 1,000 - 5,200
24 2 700 655 - 745 5,600 4,500 - 6,700
Total 555

TABLE 3 —Length and weight at age for pink salmon sampled at the Kwethluk River weir, 1992.

Length (mm) Weight (g)
Age N  Mean SE  Range Mean SE Range
Female
01 20 419 5 375-480 1,185 005 900-1,700
Male
01 21 418 7 365-495 1,388 008 500-2,300

Gill-net marks were observed on 193 pink
salmon passing the weir through the end of
August (Appendix 3) Pink salmon

carcasses totaling 14,674 were past down
stream These carcasses were first observed
on July 12, which was 18 days after the first

14



live pink salmon was passed upstream
(Figure 6) A stream-life of 10 days above
the weir was estimated from the median
upstream migration day and median
downstream passage of carcasses (Figure 6,
Appendices 4 & 5)

Sockeye salmon.—Sockeye salmon
passed the weir starting June 22, continued
until September 11 and totaled 1,316
(Figure 3) Peak passage (V=353) occurred
the week of June 28 - July 4 The median
of the cumulative upstream migration

Eight age classes were identified from 269
sockeye scale samples. Age 13 was the
most prevalent age class in both males and
females (Table 4) Females composed an
estimated 59% of the escapement, which
fluctuated weekly (Figure 5, Appendix 9).
The escapement was composed primarily of
age 13 (67%) and age 1.2 (15 1%) fish
Females age 1.3 (41.6%) comprised the
largest percentage of the escapement
(Appendix 9). Age composition however did

not differ between sexes (X *(3.) = .997,
df =4, P<0.32)

occurred on July 5, 15 days after the first
sockeye salmon passed (Appendix 4).

TABLE 4 —Length and weight at age for sockeye salmon sampled at the Kwethluk River weir,
1992

Length (mm) Weight (g)
Weighted Weighted
Age N Mean Range Mean Range
Female

0.2 1 485 2,100 -

03 11 492 430 - 545 2,073 1,100 - 3,100
04 1 535 - 2,500 -

12 15 360 410 - 520 1,673 1,000 - 2,700
1.3 125 628 430 - 570 2,433 1,600 - 3,500
14 7 550 525 - 610 3,140 3,000 - 3,700
22 2 478 470 - 485 1,750 1,500 - 2,000
23 5 510 495 - 525 2,500 2,200 - 2,700
Total 167

Male

0.2 1 390 - 1,100 -

03 4 584 550 - 610 3,950 3,200 - 4,500
04 2 555 515 - 595 3,550 2,900 - 4,200
1.2 19 438 370 - 550 1,721 1,000 - 3,100
13 68 557 460 - 610 3,428 1,500 - 5,200
14 3 608 600 - 625 3,850 3,300 - 4,400
22 2 525 460 - 590 2,900 1,800 - 4,000
23 5 550 485 - 580 3,280 2,200 - 3,900
Total 104
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Sockeye salmon males in the weir escapement
(weighted mean) averaged 541 mm and 3,184 g
and females averaged 505 mm and 2,332 g In
age class 12 the weighted average length of
males were shorter than females, and in age
class 1 3 the weighted average length of females
were longer than males Gill-net marks (N=80)
were observed on approximately 6% of the
sockeye salmon passing the weir (Appendix 3).
A total of 122 sockeye salmon carcasses were
passed downstream (Figure 6) Fifty percent of
the carcasses were passed downstream by
August 12, 44 days after the first day of carcass
passage and 38 days after 50% of the upstream
migration had occurred A stream-life of 38
days above the weir was estimated from the
median upstream migration day and median
downstream passage of carcasses (Figure 6,
Appendices 4 & 5).

Coho salmon —Coho salmon first passed
through the weir on July 19 Peak passage
(NV=18,634) occurred the week of August 23,
and 45,605 were passed until September 12
(Figure 3; Appendix 10). The last day the weir
was operated coho salmon were still passing at

the rate of N=413. The median cumulative weir
passage occurred on August 26, 39 days after
the first coho salmon was passed (Appendix 4).

Three age classes were identified from 734
scale samples (Table 5) Age 2.1 was the most
abundant in both sexes. Females composed
42 5% of the weir escapement (Appendix 10).
Females and males in age class 2.1 composed
46 9% and 36 3%, respectively, of the weir
escapement (Appendix 10). Age composition

did not differ between sexes (X*(3) = 1.594, df
=2, P=0 206)

Coho salmon males in the escapement
(weighted mean) averaged 565 mm and 3,574 g
and females 559 mm and 3,276 g Very little
difference was noted in the weighted average
length of the three age classes (Table 5)

Gill-net marks (NV=1,456) were found on about
3% of the coho salmon sampled Because only
42 coho salmon carcasses were passed
downstream, stream-life above the weir was not
estimated

Wi al.aecC wi NC IS VAL
Length (mm Weight (g)
Weighted Weighted
Age N Mean Range Mean Range
Female
37 561 480 - 610 3,341 1,500 - 4,200
255 558 400 - 615 3,269 1,200 - 4,300
31 21 575 480 - 600 3,083 1,500 - 4,000
Total 313
Male
66 562 440 - 625 3,527 800 - 4,500
. 344 565 375 - 640 3,574 600 - 5,800
31 11 568 475 - 610 3,702 1,900 - 4,700

Total 421




Gill-net marks (V=1,456) were found on about
3% of the coho salmon sampled Because only
42 coho salmon carcasses were passed
downstream, stream-life above the weir was not
estimated

Other species —Resident fish sampled
incidentally to salmon included whitefish,
Arctic grayling, Dolly Varden, northern pike
and rainbow trout (Appendix 6) Humpback
and round whitefish (¥=1,652) moved upstream
past the weir throughout the operational period
but peaked with more than 200 fish per day in
early September (Figure 4) Whitefish that
passed through the trap were classified only as
whitefish unless they were individually
examined.  Sampled humpback whitefish
(N=10) averaged 412 mm (361-459 mm) Ages
were determined from otoliths (N=7) and ranged
from 5-7 years Thirty-one sampled round
whitefish averaged 417 mm (325-469 mm).
Otolith ages (N=30) ranged from 6-12 years.
Weights of six samples averaged 838 g (250-
1,300 g). Broad whitefish Coregonus nasus
was found in the drainage during a previous
survey (Alt 1977), but was not identified during
this study

A total of 344 Arctic grayling were counted
and most passed the weir in early July (Figure
4). Sampled Arctic grayling (V=18) averaged
375 mm (265-480 mm) and 608 g (400-700 g)
Ages were determined from otoliths (V=11) and
ranged from 6-10 years

A total of 1,976 Dolly Varden were counted
and most moved upstream in July (Figure 4).
Lengths were collected from 184 Dolly Varden
and averaged 476 mm (387-597 mm) and
weights of 166 fish averaged 1,144 g (400-
2,600 g) Ages were determined from otoliths
(N=16) and ranged from 5-8 years

Nine northern pike were enumerated and
lengths averaged 597 mm (480-637 mm)
Weights from two fish, 625 and 637 mm, were
2,000 and 2,200 g, respectively Ages from
scales (NV=5) ranged from 5-8 years
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A total of 15 rainbow trout were counted
through the weir Most moved upstream in late
June and early July. Lengths of nine fish ranged
from 358-460 mm. Weights were measured
from two fish, a 425-mm specimen weighing
900 g and a 358-mm specimen weighing 500 g
Ages using otoliths (V=6) ranged from 4-6
years

Stream-life

A large percentage of the salmon passed
upstream washed down on the weir after
spawning Salmon carcasses passing
downstream  represented the following
percentages of upstream passages: Chum 26%,
chinook 12%, sockeye 9%, and pink salmon
31%. The estimated stream-life above the weir
was 10 days for chum salmon, 27 days for
chinook salmon, 38 days for sockeye salmon,
and 10 days for pink salmon (Figure 6)

Discussion

The spacing between pickets (3.5 cm) allowed
smaller (<340 mm) fish to pass undetected.
Identification of whitefish to species required
individual examination and most were classified
as whitefish Escapement data do not include
salmon returning to the Atchenlungik River or
several small tributaries found below the weir

Weir Operations

When high water occurred during September,
the weir reached its physical limitation of water
passage, and pickets were submerged. Only two
coho salmon were observed to pass over the
weir during this event, and 7,204 were counted
through the trap However, observations were
only conducted for approximately 2 hours each
day and were not attempted during the night
Boats passing up and down-stream damaged the
boat passage panels that were subsequently
modified by bolting plywood to the topside of
the panels where boats would contact the weir
pickets



Resolutions opposing the weir were passed
by local residents in September 1992 Several
meetings were held with the Kwethluk village
councils during the winter of 1992-93 to gain
their support for continuation of the project.
Local residents expressed concerns that the weir
was killing fish and polluting the river. These
concerns were caused by the large number of
dead fish visible below the weir Discussions at
village meetings centered around two variables
that were responsible for the perception. Post
spawning pink salmon started to die off in high
numbers and were passed downstream
Dropping water levels allowed salmon carcasses
to accumulate along the river banks and in the
deeper pools below the weir for approximately
one mile These negotiation efforts failed and
the enumeration project was abandoned

Biological Data

A total of 137,140 salmon and resident fish
passed the weir during an 85-day period
between June 21 and September 12. The weir
and trap were closed August 12 due to a crew
change, and no fish were passed that day.
Because only one year's data has been collected,
it should not be assumed that timing and run
size are typical

Chum salmon —The weir escapement of
30,596 chum salmon in 1992 was four times
greater than the aerial index objective of 7,000
By comparison, the chum salmon run in the
Kwethluk River was more than twice the largest
return counted past the Tuluksak River weir
from 1991 to 1994 (Harper 1997). Escapement
counts in 1992 were similar to those found in
the Kogrukluk River where they have averaged
37,050 from 1980-1990 (Burkey 1991;
Francisco et al 1993)

Female chum salmon made up 57% of the fish
passing the weir but only 49% of the 1992
Kuskokwim River commercial fishery harvest
(Francisco et al. 1993) Males predominated the
first half of the escapement followed by females
after the mid point in the escapement. This was
similar to the escapement pattern in the
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Tuluksak River (Harper 1997) and in the
commercial fisheries (Francisco et al 1993)

Ages switched from predominately 0 4 chum
salmon during the first several weeks to age 0.3
This trend was also found on the Tuluksak
River between 1991 and 1994

Gill-net marks were found on 3% of the
sampled chum salmon in the Kwethluk River
This was less than the 4% found at the Tuluksak
River weir in 1992 (Harper 1995b) The
median day of carcass passage was July 27,
which was earlier than the range of median days
found on the Tuluksak River (Harper 1997)

Chinook salmon —The 1992 weir escapement
0f 9,675 chinook salmon was almost five times
larger than the numbers found in aerial index
surveys flown between 1960 and 1992
(Appendix 1) The median cumulative passage
date at the weir occurred on July 9 (Figure 5).

Female chinook salmon comprised a larger
proportion (24 8%) of the 1992 Kwethluk River
weir escapement than the 14 8% found the same
year in the Tuluksak River (Harper 1997) In
comparison female chinook salmon comprised
22 6% of the Kuskokwim River commercial
catch in 1992 and averaged 27.7% from 1985 to
1994 (Francisco et al. 1995) Female chinook
salmon comprised 33 3% of the Kogrukluk
River weir escapement in 1992 where returns
have ranged from 17 6% to 47.2% females and
averaged 31 8% from 1985-1994

The weekly percentage of female chinook
salmon passing the Kwethluk River weir fell
during the peak of the escapement (Figure 5).
This fluctuation also occurred each year during
the escapement peak on the Tuluksak River
(Harper 1997) Weekly percentages of females
however increased during the later part of the
Tuluksak River weir escapement in 1991 and
1994, but remained low in 1992 and 1993 The
low percentage of females in the Kwethluk
River weir escapement is of concern and may be
due to several factors, such as. 1) Females
return at older ages than males and incur



additional years of ocean mortality (Hankin and
Healy 1986) 2) The subsistence fishery may
also harvest a high proportion of the large sized
females since the subsistence fishery does not
have a mesh size restriction (Francisco et al
1991) 3) Fewer female chinook salmon would
reach the Kwethluk River if intensive
commercial and subsistence fishing effort
coincided with the run timing of this stock

Gill-net marks comprised 21.2% of the
sampled females and only 5.9% for males By
comparison female chinook salmon passing the
Tuluksak River weir with net marks between
1991 and 1994 were; 8 6%, 21 0%, 12.8%, and,
16 0% respectively (Harper 1997) The higher
percentage of net marks on females in 1992 in
both rivers may have resulted from several
factors. 1) Four commercial openings for chum
salmon occurred before June 30 in 1992.
Because most of the chinook salmon run passes
through the lower Kuskokwim River before
July, chum salmon commercial openings during
June will result in a larger incidental harvest of
chinook salmon. During this time, some
chinook salmon encountering smaller mesh size
nets in the commercial and subsistence fisheries
will escape and resume their migration. 2)
Changes in the methods, means or timing of the
subsistence fishery in the lower Kuskokwim
River may have occurred in 1992

Pink salmon —Kuskokwim River pink salmon
have strong even year runs and commercial
catches averaged 3,948 for even years and 217
for odd years since 1980 (Francisco et al. 1992)
Escapement goals have not been established for
pink salmon in the Kuskokwim River drainage.
The 1992 weir escapement of 45,952 was larger
than the 1992 passage at the Tuluksak River
weir of 2,470 The median of the cumulative
passage occurred August 12 and was later than
the median of August 7 found on the Tuluksak
River in 1992

Sockeye salmon —The number of sockeye
salmon passing the Kwethluk River weir was
only 1,316 fish in 1992. Small lakes that may
be suitable as rearing habitat for juvenile
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sockeye salmon are scattered throughout the
drainage The small run probably indicates
habitat is limited and actual spawning and
rearing locations have not been determined.

Coho salmon.—The weir escapement of
45,605 coho salmon in 1992 exceeded the
largest return to the Tuluksak River between
1991 and 1994 (Harper 1997) Commercial
catches per opening in the lower Kuskokwim
River have ranged from 2,489 to 181,905.
Timing of very large harvests may heavily
impact returns to individual tributaries like the
Kwethluk River.

The percentage of coho salmon with gill-net
marks in 1992 was 3%, (1,456). This
percentage was lower than gill-net marks found
at the Tuluksak River weir where 9 4%, 5.4%,
4 6% and 3.4% were found between 1991 and
1994 (Harper 1995a,b,c; Harper 1997). Only 43
coho salmon carcasses were passed downstream
during weir operations

Other species—The movement of Arctic
grayling, northern pike, and rainbow trout
appeared to be in response to spawning salmon
and the availability of eggs as a food source.
Whitefish that moved early in the season were
also probably moving in response to the
spawning salmon.  Whitefish moving in
September were probably moving upstream to
spawn.

Stream-life

Salmon stream-life can be used to detect when
peak numbers of salmon are present on the
spawning grounds and used as a guide for
timing aerial index surveys. Using the
difference between the median cumulative
passage date to estimate stream-life may result
in a biased estimate Nielson and Geen (1981),
found residence time on redds to vary
throughout the season Salmon arriving early
generally spent a longer period on a redd than
late arrivals Rising water levels may also wash
fish downstream faster than normal, or
declining water levels may slow carcass return



or strand them on river banks Spawning also
occurs at varying distances above the weir, and
carcasses may sink to the bottom before
reaching the weir Carcasses, however,
represented up to 1/3 of the up-stream passage
of all salmon counted through the weir

Aerial index surveys must account for stream-
life and run timing to provide useful data.
Species, like chum salmon, with a short stream-
lite and extended escapements should be
surveyed more than once and the "Factor 5" or
"Area Under the Curve" methods described by
Cousins et al. (1982) should be used to estimate
total abundance. When 90% of the chum
salmon had entered the river, more than 60% of
the carcasses had been passed downstream.
Species with a long stream-life and short
immigration time such as chinook salmon can
be surveyed once, observing most spawners.
During 1992 approximately 91% of the chinook
salmon had passed the weir by July 25, and only
1% of the carcasses had been passed
downstream. Aerial index surveys flown later
would miss fish because a higher percentage of
fish would have passed downstream as
carcasses. For example during the aerial index
survey flown on July 29 only 69% of the weir
escapement was available for enumeration
because 25% of the carcasses were passed down
over the weir by that date.

Escapement data from 1992 suggest the
optimal time to conduct aerial index surveys for
coho salmon would be the first week of
September Seventy to 90% of the coho salmon
had entered the river by this date Very few
carcasses were counted downstream by then.

Funding, weather, and water conditions on the
Kwethluk River, however, have made it
impossible to collect useable aerial survey data
for chum and chinook salmon for 15 of the 33
years from 1960 to 1992 Better methods such
as weirs are therefore needed for estimating
escapements, and monitoring the quality of the
escapement
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Recommendations

Based upon the data in this report and
personal observations, the following is
recommended.

1. Because of increasing competing
demands on the fishery from
commercial, subsistence, and sport
fisheries, it is important to monitor
lower Kuskokwim River tributary
escapements on the refuge A weir or
other monitoring operation that can
gather age and sex information should
be continued for at least one full life
cycle of chinook salmon This should
be the minimal amount of data used to
detect if the low sex ratios for chinook
salmon are cyclical. Low numbers of
female chinook salmon entering the
river signals the need for a monitoring
program and a change in regulations
and escapement goals if females
continue to return in such low numbers.

Determine the river’s carrying capacity
by quantifying spawning and rearing
habitat to establish a biological
escapement goal for chinook, chum and
coho salmon

Additional information needs to be
gathered on the subsistence fishery,
including mesh sizes used and age and
sex of the harvest.
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10

Humpback Whitefish

305 325 245 265 285 305 325 345 365 385 405 425 445 465 485 505 525 545 565 585 605 625

8 — Round Whitefish

705 325 245 265 285 305 325 345 365 385 405 425 445 465 485 505 535 545 565 585 605 625

Number
[==]

Arctic Grayling

205 225 245 265 285 305 325 345 365 385 405 425 445 465 485 505 525 545 565 585 603 625

Dolly Varden

S
IIIIII!llIllIl{lIllllllllllllllllllllll

205 225 245 265 285 305 325 345 365 385 405 425 445 475 495 515 535 555 575 595 615 625
Length (mm)

APPENDIX 6.-Length frequency in 10 mm increments for humpback whitefish, round
whitefish, Arctic grayling and Arctic char sampled at the Kwethluk River weir, 1992.
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Appendix 7 -Estimated age and sex composition of weekly chum salmon

passage and estimated design effects (Rao and Thomas 1989) from the

Kwethluk River, 1992,

Brood Year and Age Group
1989 1988 1987 1986
o 0.2 0.3 04 Total

Stratum 1: 06/21 -06/27

Sampling Dates: 6/24,25

Female: Number in Sample: 0 7 36 3 46
Estimated % of Escapement: 00 44 225 19 288
Estimated Escapement: 0 59 303 25 387
Standard Error: 00 205 419 136

Male: Number in Sample: 0 21 83 10 114
Estimated % of Escapement: co 131 519 63 713
Estimated Escapement: o] 177 699 84 960
Standard Error: 00 339 501 243

Total: Number in Sample: 0 28 119 13 160
Estimated % of Escapement: 00 175 74 4 81 1000
Estimated Escapement: 0 236 1,002 109 1,347
Standard Error: 00 381 438 274

Stratum 2: 06/28 -07/04

Sampling Dates: 6/28

Female: Number in Sample: 0 15 49 2 66
Estimated % of Escapement: 00 94 3086 13 413
Estimated Escapement: 0 284 928 38 1,250
Standard Error: 00 682 1078 260

Male: Number in Sample: 0 29 63 2 94
Estimated % of Escapement: 00 181 394 13 588
Estimated Escapement: 4] 549 1,193 38 1,780
Standard Error: Qo0 901 1143 260

Total: Number in Sample: 0 44 112 4 160
Estimated % of Escapement: 00 275 700 25 1000
Estimated Escapement: Q 833 2,121 76 3,030
Standard Error: 00 104 4 107 2 365

Stratum 3: 07/05 -07/11

Sampling Dates: 7/5

Female: Number in Sample: 0 39 45 3 87
Estimated % of Escapement: 00 244 281 19 544
Estimated Escapement: 0 1,378 1,590 106 3,075
Standard Error: 00 1898 198 8 600

Male: Number in Sample: 0 29 39 5 73
Estimated % of Escapement: 00 181 24 4 31 456
Estimated Escapement: 0 1,025 1,378 177 2,580
Standard Error: (¢X¢] 1703 1898 769

Total: Number in Sample: Q 68 84 8 160
Estimated % of Escapement: 00 425 525 50 1000
Estimated Escapement: [4] 2,403 2,969 283 5,655
Standard Error: Q0 2185 2208 963

Stratum 4: 07/12 -07/18

Sampling Dates: 7/13

Female: Number in Sample: 3 64 25 2 94
Estimated % of Escapement: 19 400 156 13 588
Estimated Escapement: 109 2,328 910 73 3,420
Standard Error: 618 2230 1653 506

Male: Number in Sample: 0 41 21 4 66
Estimated % of Escapement: [} 256 131 25 413
Estimated Escapement: 0 1,492 764 146 2,401
Standard Error: 00 1987 1537 711

Total: Number in Sample: 3 105 46 6 160
Estimated % of Escapement: 19 656 288 38 1000
Estimated Escapement: 109 3,820 1,674 218 5,821
Standard Error: 618 2162 2060 865

- -CONTINUED
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Appendix 7.-(continued)

Brood Year and Age Group

1989 1988 1987 1986
0.2 0.3 04 0.5 Total

Stratum 5; 0719 -07/25

Sampling Dates: 7/19

Female: Number in Sample: 5 66 25 (¢} 96
Estimated % of Escapement: 31 413 156 00 600
Estimated Escapement: 177 2,336 885 0 3,398
Standard Error: 770 2180 1608 00

Male: Number in Sampie: 0 47 17 0 64
Estimated % of Escapement: 00 294 106 00 400
Estimated Escapement: 0 1,664 602 0 2,266
Standard Error: 00 2017 1365 00

Total: Number in Sample: 5 113 42 0 160
Estimated % of Escapement: 31 706 263 00 1000
Estimated Escapement: 177 4,000 1,487 0 5,664
Standard Error: 770 2017 194 8 00

Stratum 6: 07/26 -08/01

Sampling Dates: 7/27

Female: Number in Sample: 4 78 17 0 99
Estimated % of Escapement: 25 488 106 00 619
Estimated Escapement: 122 2,374 517 [ 3,013
Standard Error: 593 1898 1170 (4

Male: Number in Sample: 1 48 12 ] 61
Estimated % of Escapement: 06 300 75 00 381
Estimated Escapement: 30 1,461 365 0 1,856
Standard Error: 299 1740 1000 00

Total: Number in Sample: 5 126 29 0 160
Estimated % of Escapement: 31 788 181 00 1000
Estimated Escapement: 162 3,834 883 0 4,869
Standard Error: 661 1553 1463 00

Stratum 7:  08/02 -08/08

Sampling Dates: 8/3,4

Female: Number in Sample: 7 93 10 0 110
Estimated % of Escapement: 44 581 63 00 688
Estimated Escapement: 120 1,600 172 0 1,893
Standard Error: 433 1045 513 00

Male: Number in Sample: 1 42 7 0 50
Estimated % of Escapement: 06 263 44 00 313
Estimated Escapement: 17 723 120 0 860
Standard Error: 167 932 433 0C

Total: Number in Sample: 8 135 17 ¢ 160
Estimated % of Escapement: 50 844 1086 00 1000
Estimated Escapement: 138 2,323 293 ¢} 2,753
Standard Error: 46 2 769 653 00

Stratum 8: 08/09 -08/15

Sampling Dates: 8/10,11,14,15

Female: Number in Sample: 2 63 6 1 72
Estimated % of Escapement: 21 670 64 11 766
Estimated Escapement: 24 757 72 12 866
Standard Error: 162 527 27 4 115

Male: Number in Sample: 0 17 5 0 22
Estimated % of Escapement: 00 181 53 00 234
Estimated Escapement: 0 204 60 0 264
Standard Error: 00 432 252 00

Totai: Number in Sample: 2 80 11 1 94
Estimated % of Escapement: 21 851 17 11 1000
Estimated Escapement: 24 962 132 12 1,130
Standard Ervor: 162 399 361 115

CONTINUED-
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Appendix 7.-(continued)

Brood Year and Age Group

1989 1988 1987 1986
0.2 0.3 04 0.5 Total
Stratum 9: 08/16 -08/22
Sampling Dates: 8/16,17,20
Female: Number in Sample: 1 36 3 0 40
Estimated % of Escapement: 19 679 57 co 755
Estimated Escapement: [ 221 18 0 246
Standard Emor: 56 193 96 Q0
Male: Number in Sample: 0 12 1 0 13
Estimated % of Escapement: 00 226 19 Q0 245
Estimated Escapement: 0 74 6 0 80
Standard Ermor: 00 173 56 00
Total: Number in Sample: 1 48 4 0 53
Estimated % of Escapement: 19 906 75 0o 1000
Estimated Escapement: 6 295 25 0 326
Standard Error: 56 121 109 00
Strata 1-9: 06/21 -08/22
Sampling Dates: 6/24 - 8/20
Femaie: Number in Sample: 22 461 216 1" 710
% Females in Age Group: 32 646 308 14 1000
Estimated % of Escapement: 18 371 176 08 574
Estimated Escapement: 559 11,339 5,396 254 17,547
Standard Error: 1242 4341 3510 845
Estimated Design Effects: 1206 1130 1187 1216 1186
Male: Number in Sample: 2 286 248 21 557
% Males in Age Group: 04 565 398 34 1000
Estimated % of Escapement: Q2 241 170 15 426
Estimated Escapement: 48 7.368 5,188 444 13,048
Standard Error: 343 3995 3262 1106
Estimated Design Effects: 10863 1222 1059 1197 1186
Total: Number in Sample: 24 747 464 32 1,267
Estimated % of Escapement: 20 611 346 23 1000
Estimated Escapement: 808 18,707 10,584 698 30,595
Standard Error: 1286 4235 4119 1378
Estimated Design Effects: 11931 1055 1048 1192
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Appendix 8 - Estimated age and sex composition of weekly chinook salmon passage and
estimated design effects (Rao and Thomas 1989) from the Kwethluk River, 1992,

Brood Year and Age Group

1989 1988 1987 1987 1986 1986 1985 1985
1.1 1.2 1.3 22 14 23 1.5 2.4 Total

Stratum 1:  06/21 -06/27

Sampling Dates: 6/25,26,27

Female: Number in Sample: 0 11 10 o] 3 0 0 0 24
Estimated % of Escapement: 00 175 159 00 48 0o 00 00 381
Estimated Escapement: o] 26 24 o] 7 0 0 o] 57
Standard Error: 00 55 53 00 31 00 00 00

Male: Number in Sample: 6 14 12 0 7 0 o] o] 39
Estimated % of Escapement: 95 222 190 00 111 00 00 00 619
Estimated Escapement: 14 33 28 0 17 0 0 0 92
Standard Error: 42 60 56 00 45 00 00 00

Total: Number in Sample: [ 25 22 o] 10 o] 0 0 63
Estimated % of Escapement: 95 397 349 00 159 00 00 00 1000
Estimated Escapement: 14 59 52 0 24 0 o ] 149
Standard Error: 42 70 69 00 53 00 00 00

Stratum 2:  06/28 -07/04

Sampling Dates: 6/28,29,30

Female: Number in Sample: 0 4 1 0 23 [] 0 0 28
Estimated % of Escapement: 00 30 08 [oX] 173 co 00 00 211
Estimated Escapement: 0 77 19 0 442 0 [¢] 0 538
Standard Error: 00 370 187 00 820 00 00 00

Male: Number in Sample: o] 47 38 0 20 0 0 0 106
Estimated % of Escapement: 00 353 2886 00 150 00 00 00 789
Estimated Escapement: 0 904 731 0 385 0 0 0 2,019
Standard Error: 00 1036 979 00 775 00 00 00

Total: Number in Sample: 0 51 39 0 43 0 0 0 133
Estimated % of Escapement: 00 383 293 00 323 [+]0] 00 00 1000
Estimated Escapement: o] 981 750 0 827 0 o] o] 2,557
Standard Error: 00 105 4 986 00 101 4 00 00 00

Stratum 3. 07/05 -07/11

Sampling Dates: 7/5,6

Female: Number in Sample: 0 1 1 0 25 [ 2 o] 29
Estimated % of Escapement: 00 07 07 00 185 00 15 0o 215
Estimated Escapement: o] 24 24 0 602 0 48 5} 698
Standard Error: 00 236 236 00 1068 00 332 00

Male: Number in Sample: 10 61 28 0 7 0 0 0 106
Estimated % of Escapement: 74 452 207 00 52 00 00 00 785
Estimated Escapement: 241 1,469 674 0 169 0 0 0 2,553
Standard Error: 720 136 8 1115 00 610 00 oo 00

Total: Number in Sample: 10 62 29 0 32 0 2 0 138
Estimated % of Escapement: 74 459 215 00 237 oo 15 00 1000
Estimated Escapement: 241 1,493 698 0 771 ] 48 0 3,251
Standard Error; 720 1370 1129 Q0 1168 ago 332 a0

Stratum 4:  07/12 -07/18

Sampling Dates: 7/13,14,15

Female: Number in Sample: o] 1 1 0 39 Q 3 o] 44
Estimated % of Escapement: 00 08 08 oo 298 00 23 00 336
Estimated Escapement: o] 15 15 0 590 0 45 o 665
Standard Enor: oo 146 146 co 768 0o 251 00

Male: Number in Sample: 7 35 33 1 11 0 0 0 87
Estimated % of Escapement: 53 267 252 08 84 00 00 00 66 4
Estimated Escapement: 106 529 499 15 166 0 0 0 1,316
Standard Error: 378 743 729 146 466 00 00 00

Total: Number in Sample: 7 36 34 1 50 0 3 0 131
Estimated % of Escapement: 53 275 260 08 382 0o 23 00 1000
Estimated Escapement: 106 544 514 15 756 o] 45 0 1,981
Standard Error: 378 750 736 146 816 o0 251 g0

“CONTINUED-

35



Appendix 8.- (continued)

Brood Year and Age Group

1989 1988 1987 1987 1986 1986 1985 1985
1.1 1.2 1.3 22 1.4 2.3 1.5 24 Total

Stratum 5 07/19 -07/25

Sampling Dates: 7/19,20,21

Female: Number in Sample: ¢] 0 2 o] 35 0 2 1 40
Estimated % of Escapement: 00 o]} 16 00 278 00 16 08 317
Estimated Escapement: 0 [o] 15 [ 258 0 15 7 295
Standard Error: 00 00 97 00 346 00 97 69

Male: Number in Sample: 13 37 21 1 12 1 1 o] 86
Estimated % of Escapement: 103 294 167 08 95 08 08 00 683
Estimated Escapement: 96 273 155 7 89 7 7 0 635
Standard Error: 235 352 288 69 227 69 69 00

Total: Number in Sample: 13 37 23 1 47 1 3 1 126
Estimated % of Escapement: 103 294 183 08 373 [VF:] 24 08 1000
Estimated Escapement: 96 273 170 7 347 7 22 7 930
Standard Error: 235 352 299 69 374 69 118 69

Stratum 6:  07/26 -08/01

Sampling Dates: 7/27,28,29,30,31

Female: Number in Sample: o] 1 5 0 22 0 1 0 29
Estimated % of Escapement: 00 08 38 00 168 00 08 00 221
Estimated Escapement: 0 3 17 0 75 0 3 0 99
Standard Error: 00 29 63 00 124 Qo 29 00

Male: Number in Sample: 34 36 19 3 7 1 0 2 102
Estimated % of Escapement: 260 275 145 23 53 08 00 1§ 779
Estimated Escapement: 116 123 65 10 24 3 0 7 349
Standard Error: 145 148 116 49 74 29 00 41

Total: Number in Sample: 34 37 24 3 29 1 1 2 131
Estimated % of Escapement: 260 282 183 23 221 08 08 15 1000
Estimated Escapement: 116 127 82 10 99 3 3 7 448
Standard Error: 145 149 128 49 137 29 29 41

Stratum 7:  08/02 -08/08

Sampling Dates: 8/3,4,5,6

Female: Number in Sample: 0 o] 0 0 7 o 0 0 7
Estimated % of Escapement: 00 00 00 00 241 00 00 00 241
Estimated Escapement: 0 0 0 0 47 0 0 0 47
Standard Error: 00 00 00 00 145 00 00 00

Male: Number in Sample: 3 12 4 1 2 0 o] 0 22
Estimated % of Escapement: 103 414 138 34 69 00 00 00 759
Estimated Escapement: 20 81 27 7 13 0 ] 0 148
Standard Error: 104 167 117 62 86 00 00 00

Total: Number in Sample: 3 12 4 1 9 0 s} 0 29
Estimated % of Escapement: 103 414 138 34 310 00 00 00 1000
Estimated Escapement: 20 81 27 7 61 o] 0 0 195
Standard Error: 104 167 17 62 157 oo 00 00

Stratum 8:  08/09 -09/12

Sampling Dates: 8/10,11,14,15,17

Female: Number in Sample: 0 ] 0 0 0 0 o] 0 0
Estimated % of Escapement: 00 00 00 00 00 00 [o]o] 00 00
Estimated Escapement: 0 0 0 0 0 0 0 0 0
Standard Error: 00 00 00 00 00 00 00 00

Male: Number in Sample: 4 5 o 0 0 0 0 0 9
Estimated % of Escapement: 44 4 556 00 00 00 00 00 00 1000
Estimated Escapement: 73 91 0 0 0 0 0 0 164
Standard Error: 280 280 00 00 00 00 00 00

Total: Number in Sample: 4 5 o] 0 [o] o] o] 0 9
Estimated % of Escapement: 444 556 00 00 00 00 00 00 1000
Estimated Escapement: 73 91 0 0 0 o ] 0 164
Standard Error: 280 280 00 00 00 00 00 00
T “CONTINUED- )

36



Appendix 8.- (continued)

Brood Year and Age Group
1989 1988 1987 1987 1986 1986 1985 1985
1.1 1.2 1.3 2.2 1.4 23 1.5 2.4 Total
Strata 1-8: 06/21 -08/15
Sampling Dates: 6/21 - 8/17
Female: Number in Sample: 0 18 20 0 154 0 8 1 201
% Females in Age Group: 00 61 47 00 842 00 47 03 1000
Estimated % of Escapement: 00 15 12 00 209 0o 12 01 248
Estimated Escapement: 0 1486 114 0 2,022 0 112 7 2,400
Standard Error: 00 46 7 358 00 1600 oo 428 69
Estimated Design Effects: 0000 1263 0965 0000 1327 0000 1377 0577 1315
Male: Number in Sample: 77 247 155 6 66 2 1 2 556
% Males in Age Group: 92 48 2 300 05 118 01 01 01 1000
Estimated % of Escapement: 69 362 225 04 89 01 01 01 752
Estimated Escapement: 666 3,503 2,179 39 862 11 7 7 7,275
Standard Error: 910 1937 1687 180 1120 74 69 41
Estimated Design Effects: 1118 1389 1395 0721 1326 0479 0577 0265 1315
Total: Number in Sample: 77 265 175 6 220 2 9 3 757
Estimated % of Escapement: 69 377 237 04 298 01 12 c1 1000
Estimated Escapement: 666 3,649 2,293 39 2,884 1 119 14 9,675
Standard Error: 910 1951 1707 180 1802 74 434 80
Estimated Design Effects: 111862 1386 1379 0721 1330 0479 1328 0428
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Appendix 9 -Estimated age and sx composition of weekly sockeye salmon passage and estimated

design effects (Rao and Thomas 1989) from the Kwethluk River, 1992

Brood Year and Age Group

1989 1988 1988 1987 1987 1987 1986 1986
_ e 0.2 1.2 0.3 1.3 0.4 22 1.4 23 Total

Stratum 1:  06/21 -06/27

Sampling Dates: 6/25,26 27

Female: Number in Sample: 0 3 3 51 0 0 3 2 62
Estimated % of Escapement 00 34 34 580 00 00 34 23 705
Estimated Escapement: 0 9 9 168 0 o] g 6 192
Standard Error: 00 44 44 119 00 00 44 36

Male: Number in Sample: o] 1 o 22 0 1 26
Estimated % of Escapement 00 11 00 250 a0 11 11 11 295
Estimated Escapement: 0 3 o} 68 0 3 3 3 81
Standard Error: 00 26 00 104 00 26 26 26

Total: Number in Sample: 0 4 3 73 o] 1 4 3 88
Estimated % of Escapement Q0 45 34 830 00 11 45 34 1000
Estimated Escapement: 0] 12 9 226 0 3 12 9 273
Standard Error: [¢]e] 50 44 91 00 26 50 44

Stratum 2:  06/28 -07/04

Sampling Dates: 6/28,29,30

Female: Number in Sample: 0 3 1 46 0 0 1 2 53
Estimated % of Escapement [oJ0] 386 12 554 o0 00 12 24 639
Estimated Escapement: [} 13 4 196 Q Q 4 9 225
Standard Error: 00 64 37 169 00 00 37 52

Male: Number in Sample: o] 6 2 19 1 0 ] 2 30
Estimated % of Escapement + 00 72 24 229 12 00 00 24 361
Estimated Escapement: 0 26 9 at 4 0 0 9 128
Standard Error: 00 88 52 143 37 00 00 52

Total: Number in Sample: 0 9 3 65 1 0 1 4 83
Estimated % of Escapement 00 108 36 783 12 00 12 48 1000
Estimated Escapement: 0 38 13 276 4 0 4 17 353
Standard Error: 0o 106 64 141 37 o0 37 73

Stratum 3:  07/05 -08/06

Sampling Dates: 7/6,6,14,15,19,20,21,27,28,29,30,31 and 8/3,4,5,6

Female: Number in Sample: 1 9 8 28 1 2 3 1 53
Estimated % of Escapement 10 89 79 277 10 20 30 10 525
Estimated Escapsment: 7 61 54 189 7 13 20 7 357
Standard Error: 62 179 169 281 62 87 107 62

Male: Number in Sample: 1 12 2 27 1 1 2 2 48
Estimated % of Escapement 10 119 20 267 10 10 20 20 475
Estimated Escapement: 7 81 13 182 7 7 13 13 323
Standard Error: 62 203 87 278 62 62 87 87

Total: Number in Sample: 2 21 10 85 2 3 5 3 101
Estimated % of Escapement 20 208 99 545 20 30 50 30 1000
Estimated Escapement: 13 141 67 370 13 20 34 20 680
Standard Error: 87 255 187 312 87 107 136 107

Strata 1 -3: 06/21 -08/06

Sampling Dates: 6/21 - 8/06

Female: Number in Sample: 1 15 12 125 1 2 7 5 168
% Females in Age Group: 09 107 87 700 09 17 44 28 1000
Estimated % of Escapement 05 63 52 415 05 10 26 16 583
Estimated Escapement: 7 83 67 542 7 13 34 21 775
Standard Error: 62 195 179 349 62 87 121 89
Estimated Design Effects: 1404 1223 1245 0988 1404 1397 1133 0985 1108

Male: Number in Sample: 1 19 4 €8 2 2 3 5 104
% Males in Age Group: 13 206 41 623 21 19 31 47 1000
Estimated % of Escapement 05 84 17 253 08 08 13 19 407
Estimated Escapement: 7 109 22 331 11 10 17 25 531
Standard Error: 62 223 102 329 72 67 91 105
Estimated Design Effects: 1404 1233 1205 1121 1208 1168 1261 1140 1108

Total: Number in Sample: 2 34 186 193 3 4 10 10 272
Estimated % of Escapement 10 147 68 669 14 18 39 36 1000
Estimated Escapement: 13 192 89 873 18 23 50 47 1,306
Standard Error: 87 280 203 354 95 110 150 136
Estimated Design Effects: 13975 1198 1230 1094 1280 1296 1170 1069
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Appendix 10.- Estimated age and sex composition of weekly coho salmon

passage and estimated design (Rao and Thomas 1989) from the Kwethluk

River, 1992

Brood Year and Age Group
1989 1988 1987
1.1 24 3.1 Total
Stratum 1: 07/19 -07/25
Sampling Dates: 7/19,20,21
Female: Number in Sample: 0 3 0 3
Estimated % of Escapement: 00 750 00 750
Estimated Escapement: [¢} 21 0 21
Standard Error: 00 65 00
Male: Number in Sample: 0 1 0 1
Estimated % of Escapement: 00 250 a0 250
Estimated Escapement: 0 7 0 7
Standard Error: 6o 65 00
Total: Number in Sample: 0 4 0 4
Estimated % of Escapement: 00 1000 00 1000
Estimated Escapement: 0 28 o] 28
Standard Error: 00 00 00
Stratum 2: 07/26 -08/01
Sampling Dates: 7/27,28,29,30,31
Female: Number in Sample: 1 18 2 21
Estimated % of Escapement: 19 346 38 404
» Estimated Escapement: 4 70 8 81
Standard Error: 33 115 47
Male: Number in Sample: 4 24 3 31
Estimated % of Escapement: 77 462 58 596
Estimated Escapement: 15 93 12 120
Standard Error: 65 121 57
Total: Number in Sample: 5 42 5 52
Estimated % of Escapement: 96 808 96 1000
Estimated Escapement: 19 162 19 201
Standard Error: 71 96 71
Stratum 3: 08/02 - 08/08
Sampling Dates: 8/3,45,6
Female: Number in Sample: 9 38 3 50
Estimated % of Escapement: 74 314 25 413
Estimated Escapement: 74 314 25 413
Standard Error: 224 397 133
Male: Number in Sample: 14 55 2 71
Estimated % of Escapemént: 116 455 17 587
Estimated Escapement: 116 454 17 586
Standard Error: 273 426 109
Total: Number in Sample: 23 93 5 121
Estimated % of Escapement: 190 769 41 1000
Estimated Escapement: 190 768 41 999
Standard Error: 335 361 170
Stratum 4: 08/09 -08/15
Sampling Dates: 8/10,11
Female: Number in Sample: 10 43 6 59
Estimated % of Escapement: 75 323 45 44 4
Estimated Escapement: 254 1,093 163 1,500
Standard Error: 761 1350 599
Male: Number in Sample: 9 64 1 74
Estimated % of Escapement: 68 481 08 556
Estimated Escapement: 229 1,627 25 1,882
Standard Error: 725 144 2 249
Total: Number in Sample: 19 107 7 133
Estimated % of Escapement: 143 805 53 1000
Estimated Escapement: 483 2,721 178 3,382
Standard Error: 1010 114 4 64 4
~CONTINUED- -
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Appendix 10 - (continued)
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Brood Year and Age Group
1989 1988 1987

o 11 241 3.1 Total

Stratum 5: 08/16 -08/22

Sampling Dates: 8/16,17,18

Female: Number in Sample: 6 41 3 50
Estimated % of Escapement: 48 325 24 397
Estimated Escapement: 288 1968 144 2,400
Standard Error: 1140 2508 816

Male: Number in Sample: 1 64 1 76
Estimated % of Escapement: 87 508 08 603
Estimated Escapement: 528 3,072 48 3,648
Standard Error: 1511 267 6 475

Total: Number in Sample: 17 105 4 126
Estimated % of Escapement: 135 833 32 1000
Estimated Escapement: 816 5,040 192 6,048
Standard Eror: 1829 199 5 938

Stratum 6:  08/23 -08/29

Sampling Dates: 8/24,25

Female: Number in Sample: 4 50 1 55
Estimated % of Escapement: 32 400 08 440
Estimated Escapement: 596 7,454 149 8,199
Standard Error: 2935 8170 1486

Male: Number in Samgle: 1 ‘58 1 70
Estimated % of Escapement: 88 46 4 08 560
Estimated Escapement: 1,640 8,646 149 10,435
Standard Error: 4725 8317 1486

Total: Number in Sample: 15 108 2 125
Estimated % of Escapement: 120 86 4 16 1000
Estimated Escapement: 2,236 16,100 298 18,634
Standard Error: 5420 5717 2093

Stratum 7:  08/30 -09/05

Sampling Dates: 8/31

Female: Number in Sampie: 4 26 1 31
Estimated % of Escapement: 53 342 13 408
Estimated Escapement: 730 4,742 182 5,654
Standard Error: 356 4 7572 1819

Male: Number in Sample: 8 35 2 45
Estimated % of Escapement: 105 461 286 592
Estimated Escapement: 1,459 6,383 365 8,207
Standard Error: 489 8 7956 2555

Total: Number in Sample: 12 61 3 76
Estimated % of Escapement: 158 803 39 1000
Estimated Escapement: 2,189 11,125 547 13,861
Standard Error: 5820 6353 3108

Stratum 8: 09/06 -09/12

Sampling Dates: 9/10,11

Female: Number in Sample: 3 36 5 44
Estimated % of Escapement: 31 371 52 454
Estimated Escapement: 76 910 126 1,112
Standard Error: 425 1185 542

Male: Number in Sample: 9 43 1 53
Estimated % of Escapement: 93 443 10 54 6
Estimated Escapement: 228 1,087 25 1,340
Standard Error: 712 1218 248

Total: Number in Sample: 12 79 6 97
Estimated % of Escapement: 124 814 62 1000
Estimated Escapement: 303 1,997 162 2,452
Standard Error: 808 953 591

- T “CONTINUED- “



Appendix 10.- (continued)

Brood Year and Age Group

1989 1988 1987
_ 1.1 21 3.4 Total
Strata 1-8: 07/19 -09/12
Sampling Dates: 7/1 - 09/11
Female: Number in Sample: 37 255 21 313
% Females in Age Group: 104 855 41 1000
Estimated % of Escapement: 44 363 17 425
Estimated Escapement: 2,022 16,571 787 19,380
Standard Error: 4840 1,156 6 2618
Estimated Design Effects: 1965 2054 1441 2045
Male: Number in Sample: 66 344 11 421
% Males in Age Group: 161 815 24 1000
Estimated % of Escapement: 92 469 14 575
Estimated Escapement: 4,214 21,370 641 26,225
Standard Error: 7051 1,1975 3017
Estimated Design Effects: 2105 2046 2332 2045
Total: Number in Sample: 103 599 32 734
Estimated % of Escapement: 137 832 31 1000
Estimated Escapement: 6,236 37,941 1,428 45,605
Standard Error: 826 9 8909 3965
Estimated Design Effects: 2057688017 2017 1843
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